Introduction
The sporadic Na (Nas) layer phenomenon is characterized by large, sometimes rapid, enhancements in Na density in the mesopause region, typically over a limited height range (-1 km FWHM). A crucial Nas layer parameter is the formation al., 1988] . At these sites the Na s layers exhibit a strong tendency to form more quickly than they dissipate. This suggests that in many cases the lidars are observing the actual formation of the Nas layers. However, because of diffusion effects, it can be argued that the leading edges of the Na s clouds will be sharper than the trailing edges Copyright 1991 by the American Geophysical Union.
Paper number 91GL01515 0094-8534 / 91/91GL-0151553.00 and so even when the clouds are advected through the lidar field-of-view, the dissipation times are expected to be longer than the formation times.
Several mechanisms have been proposed to explain the formation of Nas layers. Beatty et al. [1989] argued that the interaction of sporadic E(Es) layers with upper atmospheric dust particles containing Na could release the required Na. The Bonn group has also proposed mechanisms involving dust as well as several chemical processes to explain the formation of various classes of Nas layers [Hansen and von Zahn, 1990 ]. The Brazilian group favors a common meteoric source for both Nas and Es events [Batista et a1.,1989] .
In this paper we examine the spatial and temporal characteristics of 3 Nas layers observed during ALOHA-90 by the airborne lidar and by the airglow instruments on the Electra aircraft and at Haleakala Crater (20.8øN, 156.2øW). The combined data sets are used to characterize the formation times and spatial extents of the Nas events observed during the 22, 25 and 27 March flights.
Experimental Data
The most striking similarities between the airglow measurements and the formation of an Nas event were observed during the 25 March mission. On 25 March the Electra flew almost due south from Maui (see Figure 2 of introductory paper [Gardner, 1991] . If a Na s layer is initiated when T exceeds some threshold value then the onset of a Na s event indicates that the temperature has reached that value in the Na layer. The relationships between the Nas events and the airglow emissions are less convincing on 22 and 27 March. On 27 March the 02 and OH temperatures above Haleakala increased by almost 20 K during the time period the Nas event intensified above the Electra. 02 emissions also increased during this period. However, the airglow intensities and temperatures above the Electra appear to be unaffected by the event. Although the vertical distribution of any constituent layer will be perturbed by atmospheric waves, the centroid height is influenced appreciably only by waves with vertical wavelengths larger than the layer thickness. Hence, the centroid heights of the relatively thick airglow and Na layers typically change by no more than 1 or 2 km, whereas the altitudes of thin Nas layers have been observed to change by 5 km or more under the influence of strong atmospheric waves. Kane et al. [1991] show that on 27 March the Nas layer is tilted systematically downward to the west. When the layer reached maximum intensity at 1155 UT above the Electra, its altitude was -•92.8 km. The model derived by Kane et al. [ 1991] for the Nas layer altitude suggests that its altitude was -•94 km above Haleakala at 1155 UT. Thus, the Nas layer was located near the peak of the 02 emission layer at Haleakala and below the 02 layer above the Electra when it reached maximum density. This altitude variation and the fact that this event was weaker than the 25 March event, may partially explain the lack of an airglow response above the Electra. We also note that this Nas layer was formed when data acquisition began. The response near 1100 UT was an enhancement of an existing layer, not the formation of a new layer.
In conclusion, the data show that both 02 and OH intensities and temperatures can increase substantially over large distances during an Nas event. The observations during the 25 March event suggest that this Nas layer formed almost simultaneously (within 30 min) above Haleakala and above the Electra (750 km south of Haleakala) and was tidally generated. We do not believe the Electra flew underneath a fully formed Nas cloud on 25 March. Unrealistic meridional advection velocities of several hundred rn/s are required to transport the Nas cloud the 750 km between Haleakala and the Electra.
Although zonal advection of a large cloud could explain the airglow perturbations observed above Haleakala and the Electra, it is difficult to explain the large difference in the sharpness of the leading and trailing edges of the Nas cloud deduced from the observed difference in formation and decay times. The Nas layer was observed for a total of 50 min over a north-south distance of •-460 km. Typical zonal wind speeds of 50 rn/s would imply that the east-west extent of the layer was at most 150 km if we assume the layer was simply 
